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Why go after EDMs?
Before anything else, searching for EDMs = probing the Abyss

You can try to pry out Nat ur #0®ddedgermromedt s

And you can take more subtle ways

Arhese routs are complementar . (CNLy F ) Vs
P 4 Z(AQ for 5" f Fu

AA finite EDM will give a scale

* And 1 f the subtle ways succeed, perhaps theyoll (



Why go after EDMs?

Previous man with an honest scale

A finite EDM will give a scale




Why go after EDMs? Before, during, and after LHC

AElectroweak scale: little hierarchy - CP problem

EDMs and natural EWSB

Were no evidence for the MSSM, or indeed weak-scale SUSY, found at the LHC,
would EDM experiments still be well-motivated?

ABaryon asymmetry: CPV in early Universe

BAU i EDM story: something big out there, butnoscalea-pr i or i é
Heart of Darkness

Some models rely on weak scale. Should see them!

Next generation EDM searches would be crucial for building a consistent story
of electroweak baryogenesis



Electroweak scale: little hierarchy - CP problem

AGame not over for naturalness! May well still
discover natural EWSB and then EDMs will
be a cornerstone

AMay learn, instead, that the weak scale is PR
fineet uned. | f this happt /
really be a surprise 1
é and EDMsulywe ai thedforefront

~

C EDM experiments put pressure on natural SUSY long before LHC

Cltods n &bM ekpertmentsehat will march on scorched ground in the
aftermath of LHC,; if anything,

1. | tlél6t hat 6s eating the dust of <curr

2. EDMs are exciting with or without weak scale SUSY
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Game not over for naturalness

A125 GeV Higgs feels more like SUSY than most known alternatives

ANatural SUSY | @Giexténdaed HiggS sestar!
(MSSM Higgs sector curious since the beginning)

tanp=10
700

@ m, [GeV]
@ﬂne-tuning [%a]
Top superpartners 600
Can be light!

200

Perfectly allowed < 300
experimentally
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Game not over for naturalness

ANatural SUSY [ @iextanaed HiggS se6tor

What does it mean for EDM searches?
First, recall usual implications of EDMs for weak scale SUSY

§f’ ’ :> arg ((H, Hy)Mau) = O (1072)

/ f \
L arg (A3M3) = O (1072)
f X f
. . . . g*log A Yig?logA
Conceivable with localized breaking of U(1); B, ~ Mpu, Af ~ M
(47) (47)2

(HyHa) x Bj, arg ((HyHa)Mpu) = arg (B Mp) = 0



Game not over for naturalness

ANatural SUSY [ @iextanaed HiggS se6tor

What does it mean for EDM searches?
First, recall usual implications of EDMs for weak scale SUSY

? ’ :> arg ((H, Hy)Mau) = O (1072)

/ f \
L arg (A3M3) = O (1072)
f X f
. . . . 2log A Y:g? log A
Conceivable with localized breaking of U(1 ALYV A9 08 A
g ( )R B,u (471_)2 A[ﬂ Af (471_)2 M
(HyHa) x Bj, arg ((HyHa)Mpu) = arg (B Mp) = 0

Extended Higgs sector:

Opportunity for EDMs!



Game not over for naturalness

AExtended Higgs sector, opportunity for EDMs

2
A minimal example SW = \SH, H,; — MsS
A1 q 5

Breaks U(1)g.pq SOftly in inert sector

Supersymmetric version: M=700 GeV, a=0.7 perturbative up to GUT
m,=125 GeV with £=200 GeV, stops @400 GeV

AQ *@2
Vo B”’ + L Hqu + cc
Mg
: S (HyHa)Mp) ~ — (B Mp) S N
<H u Hd* X B,u wutdd /Ly l ~ T l ﬂ[S BNJ

Phase suppressed by ~ O(0.1)

Around the corner for EDM searches



Game not over for naturalness

AExtended Higgs sector, opportunity for EDMs

Opportunity still there even if 1-2 g e nsf@rmions decouple

4F operators from Higgs exchange, down by Higgs & NP scales

2 2

m; 0 my
e ; ) ;A 2 o [N’
, 1

2 2 2
My Mpa T4

For m,~300 GeV, already means phase ~ 102, but decouples like m,?
Next generation EDM search sensitive to Higgs @TeV



Game not over for naturalness

AExtended Higgs sector, opportunity for EDMs
Another possibility: EDMs could be telling us to look down i not up

Extended Higgs sector solves ¢, €-Beg
Evade EDMs by not breaking U(1)g pq explicitly

W = ASH, H, + 233
g°\s

1672 M

1W=2M\s Bu=r*\s*?+

PNGB eats our phase



Game not over for naturalness

AExtended Higgs sector, opportunity for EDMs
Another possibility: EDMs could be telling us to look down i not up

Extended Higgs sector solves ¢, €-Beg
Evade EDMs by not breaking U(1)g pq explicitly

W = A\SH, H, + &3

3
2\
L= AS BM:H*)\S*Q—FQ >

a x arg (Bu)
PNGB eats our phase , ,1 92/\8
N m, x oBu ~ —
AExciting phenomenology 167
fStay tuned to LHC for modified Higgs couplings

M

Should not fool EDM searches for long:
Next generation can find the two-loop residuals



Were no evidence for the MSSM, or indeed weak-scale SUSY, found at
the LHC, would EDM experiments still be well-motivated?



Were no evidence for the MSSM, or indeed weak-scale SUSY, found at
the LHC, would EDM experiments still be well-motivated?

APerhaps the weak scale is fine-tuned
APerhaps flavor, EDMs, meant all along that nothing is there @TeV



Were no evidence for the MSSM, or indeed weak-scale SUSY, found at
the LHC, would EDM experiments still be well-motivated?

APerhaps the weak scale is fine-tuned
APerhaps flavor, EDMs, meant all along that (almost) nothing is there @TeV
Split supersymmetry: scalars ~100 TeV; gauginos / higgsinos ~TeV (dark matter)

Postpone understanding of little' weak scale tuning
€ get back to It as soon as we underst a

SUSY flavor and CP problems solved {/



Were no evidence for the MSSM, or indeed weak-scale SUSY, found at
the LHC, would EDM experiments still be well-motivated?

APerhaps the weak scale is fine-tuned
APerhaps flavor, EDMs, meant all along that (almost) nothing is there @TeV

Split supersymmetry: scalars ~100 TeV; gauginos / higgsinos ~TeV

Weak scale EFT

—LD M)\)\ — uhuh

dh)\ + cc

\f N \f

Contains a physical phase  arg ((]u (/5 l’QJ\[pL)

Two-loropEDMsi n t he Dball park of n
May well be our best hope in probing the next level




Baryon asymmetry: CPV in early Universe

When the Standard Model loses, it has the grace of losing by knock-out

_i,

With no one around to perform the experiment, o~ T
Sdet [m,m!,mgm,

CPV occurs through very high-dimension operator
B-violation above Ty ,e10n~100 GeV

Extrapolating the CPV to the scale Tgpaer0n SM predicts an empty Universe.

CPV C QM C problem cleanly at the hands of particle physicists
The holly grail in the quest for CP violation
Something BIG is out there



One little difficulty, that we should admit from the outset
ébaryon asymmetry has no genuine scal e.
1. B-L may be respected to arbitrarily high scale

2. Early Universe has been there to (almost) arbitrarily high scale

Lower limits on the BAU scale

(6.7 — 9.2) x 10~ BBN
836 — 9.32) x 10~ CMB
(

=2 —

Yp=npg/s= {

Upper limit: reheating?

Solutions attached to every high scale we know that could comply with these limits

100GeV A = 1014 GeV  Acur =107 GeV



Electroweak Baryogenesis?

ASakharov conditions: 2P, &, FE

AMultistep calculation... Several No-Go 6 s
A1st-order phase transition violates TE

- Light, unscreened scalars coupled to H (stops?)
- Extended Higgs sector

ACPV currents

-CPV sector c andmust bealegbneratey vy ;
ACharge diffusion ahead of bubble wall

- & (via sphalerons) needs just the right amount of time to work

- Depends on bubble properties (wall velocity) and on diffusion
coefficients



CPV @ electroweak phase transition?

(H) — 0
MSSM phases BMSSM phases vev phase 0
s
O; Qf ™ o 6
arg(M;p/b )| arg(Aysp/b) | arg(er/b) m‘g(@/bz) arg(bH,Hg)

/@ drives baryogenesis

O, = 05 + A0

2 9
mi 0 m 7 A

172

My, = 0 m% m¥,

2 2 2
s x0

2
mi 4 x 0



Baryon asymmetry vs. EDM constraints

AEWBG and EDM constraints
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Baryon asymmetry vs. upcoming EDM constraints

AEWBG and EDM constraints dependent

ANo EDMs, no EWBG.
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Why go after EDMs?

AEDMSs give a scale

AElectroweak scale: little hierarchy - CP problem
Very important if we find weak scale NP

Next hope i f we donot
ABaryon asymmetry: CPV in early Universe

BAU i EDM story: something big out there, butnoscalea-pr i or i é
Heart of Darkness

Some models rely on weak scale. Should see them!

Next generation EDM searches would be crucial for building a consistent story
of electroweak baryogenesis



Why go after EDMs? Before, during, and after LHC

Before anything else, searching for EDMs = probing the Abyss

You can try to pry out Nat ur #0®ddedgermromedt s

These routs are complementary.* A finite EDM will give us a scale
* And 1 f the subtle ways succeed, perha



